Two apparently distinct, sub-parallel, paleo-subduction zones can be recognized along the northern margin of the Tibetan Plateau: the North Qilian Suture Zone (oceanic-type) with ophiolitic mélanges and high-pressure eclogites and blueschists in the north, and the North Qaidam Belt (continental-type) in the south, an ultrahighpressure (UHP) metamorphic terrane comprising pelitic and granitic gneisses, eclogites and garnet peridotites. Eclogites from both belts have protoliths broadly similar to mid-ocean ridge basalts (MORB) or oceanic island basalts (OIB) in composition with overlapping metamorphic ages (480-440 Ma, with weighted mean ages of 464 AE 6 Ma for North Qilian and 457 AE 7 Ma for North Qaidam), determined by zircon U-Pb sensitive high-resolution ion microprobe dating. Coesite-bearing zircon grains in pelitic gneisses from the North Qaidam UHP Belt yield a peak metamorphic age of 423 AE 6 Ma, 40 Myr younger than the age of eclogite formation, and a retrograde age of 403 AE 9 Ma. These data, combined with regional relationships, allow us to infer that these two parallel belts may represent an evolutionary sequence from oceanic subduction to continental collision, and continental underthrusting, to final exhumation. The Qilian-Qaidam Craton was probably a fragment of the Rodinia supercontinent with a passive margin and extended oceanic lithosphere in the north, which was subducted beneath the North China Craton to depths >100 km at c. 423 Ma and exhumed at c. 403 Ma (zircon rim ages in pelitic gneiss).
INTRODUCTION
High-pressure metamorphic rocks within orogenic belts record dynamic Earth processes of subduction and exhumation of both oceanic and continental lithospheric materials. Paleo-subduction zones identified within the continents may be divided into two types: oceanic-type and continental-type, which correspond to the Pacifictype and Alpine-type of Ernst (2001) and B-type and A-type of Maruyama et al. (1996) , respectively. This division is convenient for distinguishing common lithological assemblages. In this study, we show that the subductionzone complexes in the northern Tibetan plateau provide a strong case that these end-member subduction types may in fact represent an evolutionary sequence in a single subduction system from oceanic lithosphere subduction, to continental collision with underthrusting to exhumation. The tectonic sequence is consistent with the general belief that continental collision follows oceanic lithospheric subduction as exemplified by the Cenozoic Himalayan and Alpine orogenies (e.g. O'Brien, 2001 ).
An oceanic-type subduction zone complex, comprising fragments of oceanic lithosphere (ophiolitic mélange), island arc assemblages and high-pressure lowtemperature blueschists and eclogites is well exposed along the North Qilian Suture Zone ( Fig. 1 ; Wu et al., 1993; Song, 1996) , which is subsequently referred to as ONQ. A continental-type UHP belt, subsequently CNQ, is also identified along the North Qaidam margin (e.g. Song, 2001; Song et al., 2003a Song et al., , 2003b , and is characterized by ultrahigh-pressure (UHP) gneisses intercalated with minor eclogites and garnet peridotite blocks. The ONQ and CNQ trend NW-SE bounding the complex Qilian block (Fig. 1) . Understanding the genetic relationship (if any) between these two belts is not straightforward; typically they have been regarded as the products of two unrelated convergence events (e.g. Yang et al., 2002b) . Zircon U-Pb geochronology has proved to be a powerful tool, not only in precisely dating the formation ages of HP and UHP metamorphic rocks, but also in unraveling the tectonic evolution of orogenic belts (Rubatto et al., 1999; Hermann et al., 2001; Katayama et al., 2001) . To decipher the relationship between the two belts, and to examine if there exists a progression from oceanic subduction to continental collision in the Northern Tibetan Plateau, we have selected eclogites from both belts, plus a coesite-bearing pelitic gneiss from the CNQ for zircon geochronology studies, using the combined techniques of mineral inclusion determination, cathodoluminescence (CL) image analysis and sensitive high-resolution ion microprobe (SHRIMP) dating. These age data, together with geochemical data for the eclogites from the two belts, allow us to suggest that the ONQ and the CNQ may indeed represent different evolutionary stages of a Paleozoic convergent margin between the North China Craton and the QilianQaidam Craton.
TECTONIC UNITS
The Qilian-Qaidam Mountain system is located in the northern part of the Qinghai-Tibet Plateau. Tectonically, it represents a broad orogenic belt between the Alax and Qaidam blocks. To the SE is the Qinling Orogenic Belt (e.g. Ratschbacher et al., 2003) . The northern Tibetan Plateau can be divided into five tectonic units (Fig. 1) ; these are, from north to south, the Alax Block, the North Qilian oceanic-type Suture Zone or ONQ, the Qilian Block, the North Qaidam continental-type UHPM Belt or CNQ and the Qaidam Block. These units are cut by the Altyn Tagh Fault, a large NE-striking sinistral fault system in the west. Both the ONQ and CNQ belts can be traced on the west side of the fault (see Fig. 1 ), displaced up to 400 km to the SW .
Alax Block
The Alax Block in the north comprises the western part of the North China Craton, and consists predominantly of early Precambrian basement overlain by Cambrian to middle Ordovician strata typical of the North China Craton cover sequences (Bureau of Geology and Mineral Resources of Ningxia Province, 1990) . To the west of the Altyn Tagh Fault is the Dunhuang Block, which is characterized by the same Archaean basement rocks found in the Alax Block (Mei et al., 1998; Li et al., 2001) .
North Qilian Suture Zone (ONQ)
The North Qilian Suture Zone is an elongate, NWtrending belt that lies between the Alax Block (north) and the Qilian Block (south). It is made up of Early Paleozoic subduction complexes including ophiolitic mél-anges, high-pressure blueschists and eclogites, island-arc volcanic rocks with granite plutons, Silurian flysch formations, Devonian molasse, and Carboniferous to Triassic sedimentary cover sequences (Feng & He, 1995; Song, 1996) . The ONQ is interpreted to have formed in an 'oceanic type' subduction zone of Early Paleozoic age.
The ophiolite, which is interpreted to represent the remnants of ancient oceanic lithosphere, is well preserved in this suture zone. The basaltic rocks geochemically resemble present-day N-type and E-type mid-ocean ridge basalt (MORB) (Feng & He, 1995) . Zircons from a cumulate gabbro within the ophiolite suite gave U-Pb SHRIMP magmatic ages ranging from 533 to 568 Ma (554 AE 16 Ma) (Yang et al., 2002b) . Within the suture zone are two sub-belts of high-pressure metamorphic rocks (Wu et al., 1993; Song, 1996) : (1) a low-grade blueschist belt with a typical assemblage of glaucophane, lawsonite, pumpellyite, aragonite, albite; (2) a high-grade blueschist belt with an assemblage of garnet, phengite, glaucophane and epidote that locally encloses massive blocks of eclogite. The protoliths of the blueschists include greywacke, marble, chert and volcanic rocks. Glaucophane and phengite Ar-Ar isotope dating has yielded ages in the range 460-440 Ma (Liou et al., 1989; Wu et al., 1993; Zhang et al., 1997) .
Qilian Block
The Qilian Block, located between the North Qilian Suture Zone (ONQ) and the North Qaidam UHP Belt (CNQ), is an imbricate thrust belt of Precambrian basement overlain by Paleozoic sedimentary sequences. The basement consists of felsic gneiss, marble, amphibolite and localized granulite. Wan et al. (2001) reported 910-940 Ma single-zircon ages in granitic gneisses from different regions of the north part of the Qilian Block, which were interpreted as protolith formation ages and are consistent with the ages of granitic gneisses from the North Qaidam UHP Belt (see below).
North Qaidam UHP Belt (CNQ)
The North Qaidam UHP Belt, located between the Qilian Block and Qaidam Block, consists of eclogite peridotite-and garnet peridotite-bearing terranes. From east to west, these are the Dulan terrane, Xitieshan terrane, and Yuka terrane (see Fig. 1 for localities) . Magmatic zircon grains with oscillatory zoning from a granitic gneiss, the major host rock of eclogite blocks in Dulan, gave 206 Pb/ 238 U SHRIMP ages of 932-1011 Ma with a mean at 992 AE 40 Ma (Song, 2001) , which is similar to the single-zircon ages of granitic gneisses in the Qilian Block reported by Wan et al. (2001) . Song et al. (2003a Song et al. ( , 2003b have described the mineral assemblages, petrography, mineralogy, P-T conditions and metamorphic evolution of the Dulan UHP terrane.
Qaidam Block
The Qaidam Block to the south is a Mesozoic intracontinental basin deposited on the Precambrian crystalline basement. Zhang et al. (2003) reported detrital zircon SHRIMP ages mainly ranging from 1600 to 1800 Ma for a metamorphosed paragneiss from the southern part of the Qaidam Basin, and thus concluded that the QaidamQilian Craton has an affinity with the Yangtze Craton.
SAMPLE DESCRIPTION
Two eclogite samples from the ONQ HP belt and one eclogite and two paragneiss samples from the North Qaidam UHP Belt were selected for zircon U-Pb dating.
Eclogites from the two belts were analyzed for their bulkrock major and trace element compositions. All studied samples with mineral assemblages and localities are listed in Table 1 . Eclogites from the North Qilian Suture Zone (ONQ) occur as lenses within intensely foliated blueschists. The eclogite samples have a coarse-grained granular texture with a mineral assemblage involving garnet, omphacite, phengite and rutile with or without clinozoisite and quartz. Garnet is characterized by high almandine (Alm 61Á5-65Á8 mol %) and low pyrope (Pyr 7Á3-16Á0 mol %) contents. Omphacite has a high jadeite component (35Á8-41Á4 mol %) and phengite has high silica characteristics (Si ¼ 3Á42-3Á48 p.f.u.). All the samples studied have been recrystallized to various extents by blueschistfacies retrograde metamorphism. Using the compositions of coexisting omphacite, phengite and the garnet rims in which the omphacite inclusions occur, we obtained peak eclogite-facies conditions of P ¼ 1Á8-2Á5 GPa and T ¼ 460-550 C by garnet-omphacite-phengite geothermobarometry (Ravna & Terry, 2004) .
Eclogites from the North Qaidam UHP Belt (CNQ), on the other hand, occur as lenses of various sizes within granitic and pelitic gneisses in all three eclogite-bearing terranes of Dulan, Xitieshan and Yuka-Luliangshan. In the North Dulan Belt (NBD), Yuka-Luliangshan terrane Amphibole is a common retrograde phase in the CNQ eclogites. Mineral abbreviations are after Kretz (1983) .
and Xitieshan terrane, they show a medium-to coarsegrained, granular, texture and have mineral assemblages involving garnet, omphacite, rutile and phengite with or without zoisite, whereas in the South Dulan Belt (SDB) they have assemblages involving garnet, omphacite, kyanite, rutile and phengite. Evidence for UHP metamorphism in the eclogites from the Dulan terrane was described by Song et al. (2003a) ; this includes (1) inclusions of quartz pseudomorphs after coesite and polycrystalline K-feldspar þ quartz in garnet and omphacite, and (2) P-T conditions of P ¼ 2Á9-3Á3 GPa and T ¼ 630-750 C estimated by garnet-omphacite-phengite-kyanite thermobarometry (Ravna & Terry, 2004) . Peak conditions of the Yuka eclogite are also within the stability field of coesite.
The paragneiss from the CNQ is usually intercalated with eclogite blocks. Sample 2D132 contains a mineral assemblage of garnet ($15-20%), muscovite ($40%), kyanite (5-10%), zoisite/allanite (<5%), quartz ($30%) and feldspar (5%), suggesting a pelitic protolith. Sample 2C126 consists of garnet ($10%), muscovite (10-15%), feldspar (5-10%) and quartz (60-70%), and is most likely to be a metamorphosed greywacke. Coesite inclusions in zircon grains from the pelitic gneiss (Song, 2001; Yang et al., 2002a; Song et al., 2003a Song et al., , 2003b demonstrate that zircon growth occurred during ultrahigh-pressure metamorphism. The comparatively low-pressure matrix mineral assemblage, on the other hand, suggests that the pelitic gneiss experienced amphibolite-facies retrogression.
ANALYTICAL METHODS
All samples were crushed and sieved to <300 mm. Zircon grains were separated magnetically, using heavy liquids, and finally hand-picked under a binocular microscope. They were then embedded in 25 mm epoxy discs and polished down to half-sections. Mineral inclusions were identified by laser Raman microspectroscopy. The internal structure of zircon grains was examined using CL and back-scattered electron (BSE) images at Peking University. The CL images were obtained by scanning electron microscopy (SEM) using a FEI PHILIPS XL30 SFEG instrument with 2 min scanning time at conditions of 15 kV and 120 nA. The zircon grains were analysed for U, Th and Pb using SHRIMP II at the SHRIMP Laboratory in the Chinese Academy of Geological Sciences, Beijing. Instrumental conditions, data acquisition and reduction were the same as those described by Compston et al. (1992) . The data were collected in sets of five scans through the masses with 2 nA primary O 2 -beams. A reference zircon was analyzed first and then after every three analyses of unknowns. The measured 206 Pb/ 238 U ratio in the samples was corrected using reference zircon standard SL13 from a pegmatite from Sri Lanka ( Pb ratio and assumed a two-stage evolution model (Stacey & Kramers, 1975) . The measured 204 Pb values in the unknowns were similar to those recorded for the standard zircon and so common-Pb corrections were made assuming an isotopic composition of Broken Hill lead. The analytical data were treated following Compston et al. (1992) and are graphically presented on Tera-Wasserburg (TW) diagrams (Tera & Wasserburg, 1972 ) with 1s errors. The mean ages are weighted means calculated using Isoplot (Ludwig, 1991) at the 95% confidence level.
Whole-rock major element analyses for eclogites were performed on a Perkin Elmer Optima 3300 DV inductively coupled plasma optical emission spectrometry (ICP-OES) system at The University of Queensland (Niu, 2004) and by X-ray fluorescence (XRF) at Northwest University, Xi'an, China (Rudnick et al., 2004) . Trace element analyses were carried out by inductively coupled plasma mass spectrometry (ICP-MS) using a Fisons PQ2 system at The University of Queensland, Australia (e.g. Niu & Batiza, 1997) and an Elan 6100-DRC system at Northwest University, Xi'an, China (e.g. Rudnick et al., 2004) . Representative data are given in Table 2 . For the major elements, precision (RSD) is better than 6% and accuracy is better than 4%, and for trace elements, precision is generally better than 5% for most elements and accuracy is better than 10%, with many elements agreeing to within 2% of the reference values.
The 40 Ar/ 39 Ar analyses were performed at the Institute of Geology of the Chinese Academy of Geological Sciences, using the same analytical procedure as described by Gao & Klemd (2003) . The data are presented in Table 5 (below). The errors are given as 2s. Mineral inclusions in zircon crystals were detected using laser Raman microspectroscopy (Ranisow RM-1000) with the 514Á5 nm line of an Ar-ion laser at Peking University.
GEOCHEMISTRY OF ECLOGITES FROM THE TWO BELTS
The major and trace element compositions of the eclogites from the ONQ HP and the CNQ UHP belts are broadly similar (Table 2) , with the exception that the CNQ eclogite has a higher CaO content than the ONQ eclogite. In FeO t /MgO vs TiO 2 and V vs Ti discrimination diagrams, most samples with relatively low Ti (TiO 2 <2Á0 wt %) from both belts fall in the field of MORB, whereas those with high Ti (TiO 2 >2Á0 wt %) plot in the field of within-plate basalts (WPB) (Fig. 2) . Eclogites from both belts show similar ranges of variation in light rare earth elements (LREE) ( Fig. 3a and resembling the patterns for depleted N-type to enriched basalts of near-ridge seamounts or ocean island basalt (OIB) (Niu & Batiza, 1997) . The samples with TiO 2 >2Á0 wt % (e.g. Q35 and Q67 from the North Qilian HP belt and 2C87, 2C101 and 2C102 from the North Qaidam UHP Belt) have high overall REE abundances (SREE) and show strong LREE enrichment in chondritenormalized REE diagrams ( Fig. 3a and c) . In primitive mantle normalized trace element variation diagrams ( Fig. 3b and d) , these rocks show geochemical characteristics similar to OIB or E-type MORB (Bernard-Griffiths & Cornichet, 1985; Sun & McDonough, 1989; Niu & Batiza, 1997) . The samples with comparatively lower contents of TiO 2 have low overall REE abundance, consistent with N-type MORB compositions in primitive mantle normalized trace element diagrams and in trace element discrimination diagrams [e.g. Ti vs V, Shervais (1982) (Fig. 2b) , Ti-Zr-Y, Pearce & Cann (1973) and Nb-Zr-Y, Meschede (1986) (Fig. 2c and d) ].
ZIRCON U-Pb GEOCHRONOLOGY Eclogites from the North Qilian oceanic-type belt (ONQ)
Two eclogite samples QS45 (from the same location as Q67 and Q68) and 2Q27 (from the same location as Q98-126) from the North Qilian HP belt were studied for zircon U-Th-Pb SHRIMP geochronology. Zircon grains recovered from these two samples are colorless, round to ovoid crystals and have a diameter of $100 mm. Rare garnet and omphacite inclusions were identified by Raman microspectroscopy (Fig. 4a and b) . The CL images show that some zircon grains contain a small (10-20 mm Meschede (1986) . CAB, calc-alkaline basalt; MORB, mid-ocean ridge basalt; IAT, islandarc tholeiite; OFB, ocean-floor basalt; WPA, within-plate alkalic basalt; WPB, within-plate basalt; WPT, within-plate tholeiite; VAB, volcanic arc basalt; P-MORB, plume MORB; N-MORB, normal MORB. 
442
JOURNAL OF PETROLOGY VOLUME 47 NUMBER 3 MARCH 2006 in diameter) relict core with bright luminescence. As shown in Fig. 4c-f , the major domains of all zircon grains show rather heterogeneous growth textures including fir-tree sector zoning, planar growth banding and radial sector zoning, which are interpreted as reflecting a fluctuating growth rate in a strongly changing or changed environment (Vavra et al., 1996) or having formed in the presence of a fluid phase (Rubatto et al., 1999; Rubatto & Gebauer, 2000) . The uranium content in zircon varies significantly from 341 to 1328 ppm with Th/U ratios of 0Á24-0Á56. Analyses of 18 zircon grains in the two samples gave 206 Pb/ 238 U ages ranging from 449 to 476 Ma, with a mean at 464 AE 5Á5 Ma (MSWD ¼ 0Á36) (Table 3 ; Fig. 5a ). One small zircon (<50 mm) gave an age of 422 AE 11 Ma, which may either represent a period of zircon growth subsequent to the HP zircon generation or be caused by subsequent Pb loss.
Eclogites from the North Qaidam continental-type UHP belt (CNQ)
Eclogite sample 2D155 is from the Dulan UHP terrane of the CNQ UHP belt. Zircon grains in this sample are colorless and ovoid in shape with a diameter of $100 mm, and morphologically resemble eclogitic zircon grains from the ONQ samples QS45 and 2Q27. CL images show stubby textures of fir-tree and radial sector zoning in most zircon grains, similar to zircon from granulite-facies rocks (Vavra et al., 1996) and eclogites or gabbros (Rubatto et al., 1999; Rubatto & Gebauer, 2000) . Eclogite-facies mineral inclusions, such as garnet, omphacite and rutile, and rarely phengitic mica, were identified in the major domains of some zircon grains by Raman spectroscopy and electron microprobe (Fig. 6a-d and Fig. 7a and b) . SHRIMP analyses of 15 zircon grains yield 206 Pb/ 238 U ages ranging from 440 to 482 Ma with a mean at 457 AE 7 Ma (MSWD ¼ 0Á91, Fig. 5b ), essentially the same as the zircon SHRIMP ages of the ONQ HP eclogite samples. This age is also consistent with the whole-rock-garnet-omphacite Sm-Nd isochron ages (458 AE 10 Ma and 459 AE 3 Ma) of the same eclogite bodies in the Dulan terrane (Song et al., 2003b) . All zircon grains from the North Qaidam UHP eclogite possess a thin bright luminescence rim ( Fig. 6c-f Fig. 6f ).
Paragneisses from the North Qaidam continental-type belt (CNQ)
Samples 2D132 (from the Dulan terrane) and 2C126 (from the Yuka terrane) are paragneisses that host eclogite blocks within the CNQ UHP belt. Zircon grains from these two paragneiss samples are oval and 80-150 mm in size. In sample 2D132, garnet, rutile, kyanite, phengitic mica and coesite inclusions have been reported, using Raman spectroscopy, in the mantle domains of the zircon separates (Song, 2001; Yang et al., 2002a; Song et al., 2003a) , and were also observed as part of this study (Fig. 8 , and their Raman spectra in Fig. 7c and d) . As shown in Fig. 8a, b and d, the zircon grains usually contain a small detrital core with low-pressure phase inclusions (e.g. quartz or feldspar). CL images of sample 2D132 show that most zircon grains possess a relatively bright rim (Fig. 9a, c and e) . In sample 2C126, most of the zircon crystals have relict cores that may reflect multiple sources for the original sedimentary protoliths. The metamorphic rims, which contain garnet, rutile and phengitic mica inclusions (Fig. 8f ) , are too thin (<20 mm) to be properly analyzed using the SHRIMP technique. The detrital cores, some of which show oscillatory banding in both optical microscopy and CL images (Figs 8f and 9f ) and contain low-pressure inclusions of quartz and feldspar, yield a range of 206 Pb/ 238 U ages between The coesite-bearing mantle domains in 2D132 show relatively weak luminescence with planar growth banding, and give a mean age of 423 AE 6 Ma (n ¼ 18, MSWD ¼ 0Á32) with Th/U <0Á01 (Table 4 ; Fig. 5c ). This age is much younger than that of the eclogites from both belts.
However, the presence of coesite inclusions in zircon mantle domains (Fig. 8a-e) suggests that the $423 Ma age represents the UHP metamorphic event. The rim zircon domains from sample 2D132 yield ages of 403 AE 9 Ma (MSWD ¼ 0Á2), which reflect subsequent zircon growth because of the presence of quartz inclusions possibly during exhumation to crustal levels. 
DISCUSSION

Oceanic lithosphere subduction at $460 Ma
The protoliths of the eclogites from both the ONQ HP belt and the CNQ UHP belt are broadly similar geochemically, resembling depleted N-type to enriched E-type MORB, near-ridge seamount basalts or OIB. In two eclogite samples QS45 and 2Q27 from the North Qilian Suture Zone (ONQ), the oval morphology, internal structures shown by CL images, and mineral inclusions suggest that the zircon grains are of metamorphic origin and crystallized at eclogite-facies conditions. Eighteen analyses yield ages ranging from 476 to 449 Ma with a mean of 464 AE 5Á5 Ma, corresponding to the middle Ordovician. Eclogite (2D155) from the North Qaidam UHP Belt (CNQ) also gives zircon SHRIMP
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Pb/ 238 U ages ranging from 440 to 482 Ma, with a mean of 457 AE 7 Ma, believed to be that of the eclogite-facies metamorphic event, based on CL imaging and mineral inclusions of garnet, omphacite and rutile, with or without phengite. The strongly luminescent rims around all the zircon grains from 2D155 suggest that they were strongly influenced by a late event (probably Pb loss) during continental subduction, as discussed below. The similarity in protoliths and overlapping metamorphic ages of the ONQ and the CNQ constrain the time of the ancient oceanic lithospheric subduction to have been at $460 Ma.
UHP metamorphism of continental material at $423 Ma
Zircon grains from the two paragneiss samples 2D132 and 2C126 from the CNQ are distinct: zircon grains from 2D132 (pelite) are mostly newly grown with small detrital cores and wide metamorphic rims, whereas zircon grains from 2C126 (greywacke) possess very thin metamorphic rims <20 mm. As indicated by Rubatto & Gebauer (2000) , the formation of a metamorphic zircon domain can occur either by new growth from a metamorphic fluid or recrystallization of a primary magmatic or detrital crystal. The fluid content and composition of the protoliths can largely constrain the growth rate and size of zircon during solid-state metamorphism.
Coesite, garnet and kyanite inclusions in the mantles of zircon grains in 2D132 suggest that they formed at UHP metamorphic conditions within the coesite stability field. CL images show metamorphic features of irregular, cloudy-zoned or fir-tree zoning patterns with Th/U <0Á01. Eighteen concordant analyses for the coesitebearing domains yielded an age of 423 AE 6 Ma. This age records a geologically significant event of UHP metamorphism in the CNQ and is consistent with the peak metamorphic ages of garnet lherzolite (423 AE 5 Ma) and garnet-bearing dunite (420 AE 5 Ma) in the same belt (Song et al., 2005b) . 
Retrogression at $400 Ma
The rims of six zircon grains yield an age of 403 AE 9 Ma (Early-Middle Devonian), which apparently reflects a retrograde metamorphic event as shown by the growth textures of quartz and white mica (Raman spectra cannot resolve phengite or muscovite). This age is also consistent with the retrograde ages defined by the garnet peridotites (397 AE 6 Ma; Song et al., 2005b) . White micas were recovered from a granitic gneiss (Sample 9Y117), the host rock of eclogites in the Dulan terrane of the CNQ, for 40 Ar/ 39 Ar age dating in the Isotope Laboratory, Institute of Geology, Chinese Academy of Geosciences. The 40 Ar/ 39 Ar data are given in Table 5 . A well-defined plateau age of 401Á5 AE 1Á6 Ma was obtained from seven out of a total of 11 steps with 84Á1% 39 Ar release (Fig. 10) . Based on these concordant $400 Ma ages, we conclude that retrogression or cooling followed the UHP event in the Early Devonian.
Tectonic evolution of the North Qilian oceanic-type suture zone (ONQ)
The North Qilian Mountains consist mostly of a number of ophiolite suites, island arc volcanic rocks and Several high-quality Ar-Ar plateau ages have been reported in the literature: 462 AE 1Á3 Ma for phengite from a Grt-Omp-Gln-Phn schist; 455 AE 10 Ma and 448 AE 11 Ma for phengite from blueschists (Liou et al., 1989; Wu et al., 1993; Zhang et al., 1997) . These ages are interpreted to signify the end of the high-pressure metamorphism of the ONQ during the Late Ordovician. Considering the well-developed, and partially well-preserved, Silurian flysch formations and Early Devonian molasse in the North Qilian Mountains (Bureau of Geology and Mineral Resources of Qinghai Province, 1991; Song, 1996) , it is reasonable to infer that the Qilian Ocean, which might have opened in the Late Proterozoic, closed at the end of the Ordovician ($440 Ma) as a result of continental collision, followed by a major phase of mountain-building, which continued until at least the Early Devonian.
Tectonic evolution of the North Qaidam UHP Belt (CNQ)
Coesite inclusions in zircon grains from the pelitic gneiss demonstrate that continental materials must have been subducted (or dragged) down to mantle depths in excess of 100 km. Moreover, abundant exsolution lamellae of rutile, two pyroxenes and sodic amphiboles in garnet, and of ilmenite in olivine suggest that the garnet peridotite in this UHP belt was exhumed from depths >200 km (Song et al., 2004 (Song et al., , 2005a . The rock assemblage in the CNQ UHP belt is typical of continental-type collision belts, and is comparable with UHP terranes elsewhere, including the Dabie-Sulu in central-east China (e.g. Liou et al., 1996) , the Western Gneiss Region of Norway (e.g. Carswell et al., 2003) , and the Kokchetav of Kazakhstan (e.g. Katayama et al., 2001) .
Geochemical data for eclogites in the CNQ UHP belt suggest that their protoliths are of OIB and MORB affinity and may represent subducted oceanic crust. For the CNQ eclogites, the SHRIMP zircon U-Pb age of 457 AE 7 Ma is within error of the age for the eclogite from the ONQ HP belt (464 AE 5Á5 Ma). Coesite-bearing zircon grains from the CNQ pelitic gneiss yield a mean age of 423 AE 6 Ma, which is consistent with the SHRIMP ages of diamond-bearing UHP metamorphic zircon grains from garnet lherzolite and garnet-bearing dunite in the same belt (Song et al., 2005b; see above) . Although this age is some 40 Myr younger than the ages of metamorphic zircon in the enclosed eclogites, the lithological package unequivocally recorded the UHP metamorphism. The exhumed garnet peridotites clearly experienced mantle depths in excess of 200 km, whereas the exhumed granitic/pelitic gneisses (supracrustal rocks) and eclogites would seem to have reached mantle depths no less than $100 km. The differences in both metamorphic ages and pressure conditions may provide clues concerning the history of oceanic lithosphere subduction, continental collision-subduction, and ultimate exhumation in the northern margin of the Tibetan Plateau in the Paleozoic.
Relationship between the ONQ and CNQ belts and tectonic implications
The similar MORB-and OIB-like protoliths for both the ONQ HP and CNQ UHP eclogites suggest that they could have been derived from the same oceanic lithosphere. SHRIMP dating of eclogitic zircon from both belts suggests that the host eclogites formed during essentially the same period ($480-450 Ma) of oceanic lithosphere subduction (to depths >60 km). The similar protoliths (oceanic crustal materials) and essentially the same formation ages suggest a probable genetic link between the two belts.
Geochronological studies on Precambrian basement rocks (Wan et al., 2001) suggest that the North Qilian Suture Zone (ONQ) is the major boundary that separates the Alax Block, the western part of the North China Craton with predominantly Archaean basement to the north, from the Qilian Block of Proterozoic basement (Cui & Mei, 1997) , although the size and detailed history of this ocean is unknown. Based on the characteristics of the Precambrian basement and zircon ages mentioned above, we infer that the Qilian-Qaidam Craton may be a fragment of the disintegrated Rodinia supercontinent (e.g. Li et al., 2002) , and that the North Qaidam UHP Belt does not necessarily represent the convergence zone of two major continents. Figure 11 illustrates the inferred tectonic evolution of the ONQ and CNQ from oceanic lithosphere subduction, to continental collision and subsequent continental lithosphere underthrusting and ultimately exhumation. The Qilian Ocean may have existed in the Late Proterozoic, separating the North China Craton to the north and the Qilian-Qaidam Craton to the south. The Qilian-Qaidam Craton may be a fragment of the disintegrated Rodinia supercontinent with passive margins extending into oceanic lithosphere that floored the Qilian Ocean. The Qilian ocean floor may have subducted beneath the North China Craton forming a subduction-zone complex now represented by the ONQ. The northward drift of the Qilian-Qaidam Craton and continued subduction led to the collision of the two continents. The subducted and subducting oceanic lithosphere may have pulled the continental lithosphere, causing it to subduct or underthrust (similar to the present-day Indian plate underthrusting beneath Tibet) until the effect of the negative buoyancy diminished. Some eclogites of oceanic lithospheric fragments could have been entrained by the subducting continental crust. The presence of a positively buoyant sedimentary sequence (former accretionary trench sediments) might have led to the exhumation of the ONQ to the north, whereas positively buoyant continental crustal material could have resulted in the exhumation of the CNQ. This scenario satisfactorily explains the geological and geochemical observations as well as the ages of the various lithologies. Table 5 .
